INTRODUCTION
============

Changes in the concepts of cavity preparation have occurred as a result of the development of adhesive systems[@B08]. Preparation of smaller cavities was rendered possible since Buonocore[@B02] (1955) first established the basis of adhesive dentistry.

Contemporary dentin adhesive systems interact with the substrate by either removing the smear layer (etch and rinse approach) or modifying it for bonding (self-etch approach). However, bonding to dentin can be affected by a number of factors, such as type of dentin[@B12],[@B26], C-Factor[@B03],[@B15], time of etching[@B01], permeability of the adhesives after polymerization[@B04],[@B16],[@B20] and, more recently, the incompatibility between adhesive systems and chemically or dual-activated resin materials[@B03],[@B07],[@B20],[@B22],[@B23],[@B25].

Some studies have reported that the lower the pH of the adhesive, the lower the bond strength to dentin[@B03],[@B07],[@B20],[@B22]. A correlation was observed between the decline in microtensile bond strengths of chemically activated composites coupled to bonded dentin and the acidity of these adhesives[@B20]. This phenomenon can be explained by an adverse acid-base reaction that occurs when chemically activated or dual-activated resins are placed in direct contact with the acidic monomer components of simplified adhesive systems (2-step total-etch or 1-step self-etch). These monomers can react with the tertiary catalyst amines of the resin, thereby compromising its polymerization. Additionally, the reported decrease in the bond strength by using simplified adhesives would be due to hydrophilic features of these materials. When applied to a hydrated substrate, such as dentin, they showed to rapidly draw water from dentin[@B22],[@B25], resulting in delayed polymerization and/or hydrolysis of the interface[@B21],[@B25],[@B27].

Thus, the aim of this study was to evaluate the bond strengths between human dentin and composites, utilizing two light-activated single-bottle total-etch adhesive systems with different pHs combined with chemically activated and light-activated composites. The null tested hypothesis was that the pH of the adhesive system (informed by the manufacturer)[@B03],[@B11],[@B23] does not interfere with bond strengths produced by the chemically activated and light-activated composites to dentin.

MATERIAL AND METHOD
===================

Twenty-eight noncarious human molars were extracted for periodontal reasons, cleaned with periodontal scales and stored for less than 2 months in 0.5% chloramine. The teeth were collected after granting patients' informed consent. The crowns were sectioned transversally with a diamond saw at low speed and copious water-cooling to expose mid-coronal dentin. The roots were removed in the same manner at the cementoenamel junction. A standardized smear layer was created by wet-grounding flat the dentin surface with 600-grit silicon carbide paper for 60 s. The teeth were assigned to 4 groups (n=7), according to the adhesive systems and the composite resins used ([Table 1](#t01){ref-type="table"}): G1: One Step adhesive system + light-activated Filtek Z-100 composite (3M ESPE, St Paul, MN, USA); G2: One Step adhesive system + chemically activated Bisfil 2B composite \[B2B\] (Bisco, Schaumburg, IL, USA); G3: Prime & Bond NT + Z100; G4: Prime & Bond NT + B2B.

###### Characteristics of adhesive systems and composites

  Materials             Manufacturer                              Components                                                                                                                  Type of polymerization   pH     Application mode[\*](#TFN01t01){ref-type="table-fn"}
  --------------------- ----------------------------------------- --------------------------------------------------------------------------------------------------------------------------- ------------------------ ------ ------------------------------------------------------
  One Step (OS)         Bisco, Schaumburg, USA                    Bis-GMA, BPDM, HEMA, CQ, ñ-dimethylaminobenzoic acid (co-initiator), acetone, 8.5% glass fiber                              Light-activated          4.6    1,2,3,4,6,8
  Prime&Bond NT (PB)    Dentsply DeTrey GmbH, Konstanz, Germany   PENTA, UDMA, Resin R5-62-1, T-Resin, D-Resin, Nanofillers, Photoiniciators, Stabilizer, Cetylamine hydrofluoride, Acetone   Light-activated          2.6    1,2,3,5,7,9
  Bisfil 2B (B2B)       Bisco, Schaumburg, USA                    Bis-GMA, BPAEODMA (base only), Glass Frit, TEGDMA, Silica, Amorphous Silica                                                 Chemically activated     ----   10
  Filtek Z-100 (Z100)   3M ESPE, St. Paul, USA                    Silane treated ceramic, Bis-GMA, TEGDMA, water                                                                              Light-activated          ----   11

1 -- dentin etching for 15 s; 2 -- rinsing for 15 s; 3 -- drying with gentle air-flow, leaving the surface moist and shiny; 4 (OS) -- two coats of adhesive systems, brushed for 10 s each; 5 (PB) -- one adhesive coat kept for 20 s, brushed for 10 s; 6 (OS) -- gentle air-drying; 7 (PB) -- drying with gentle air-flow for 5 s; 8 (OS) -- light-activation (10 s, 600 mW/cm^2^); 9 (PB) -- light-activation (20 s, 600 mW/cm^2^); 10 (B2B) -- use of the necessary amount by turning syringe handle clockwise and mixing to a uniform paste (10-15 seconds); 11(Z100) -- for 2mm of resin, light-activation of 40 s duration time (600 mW/cm2).

The adhesives were applied according to the manufacturers' instructions ([Table 1](#t01){ref-type="table"}) and light-activated using a XL3000 (3M ESPE, operating at 600 mW/cm^2^). Half of the teeth were chosen at random to be restored on an incremental basis with light-activated composite resin. Each increment (2 mm) was light--activated for 40 s (XL3000, 3M ESPE, operating at 600 mW/cm^2^) until a 5 mm-high resin block was formed. The chemically activated resin blocks were built by adding a single increment of 5 mm to the remaining dentin surfaces. The restored teeth were stored in distilled water for 24 h and then cut into two axes (x and y) with diamond disc under coolant irrigation in a cutting machine (LabCut 1010, Extec Corp., Enfied, CT, USA). This process resulted in non-trimmed beams (approximately 0.8 mm^2^ of bonded area, measured with a digital caliper). Afterwards, these beams were attached to a custom-made testing device with cyanoacrylate gel. Such device consisted of an adapted caliper meant to ensure that pure tensile force was applied to the bond without any shear or torquing forces. The microtensile test (1 mm.min^−1^ crosshead speed, 10 kgf load cell) was performed in a universal testing machine (Emic DL-1000, Emic, São José dos Pinhais, PR, Brazil).

Statistical Analysis
--------------------

Each tooth was considered an experimental unit. The means of the different groups were calculated (n=7) by using two-way analysis of variance and Tukey's multiple-comparison test (p\<0.05). Pre-test failures of the beams, that is, failures that occurred during handling were counted as "zero bonds" (MPa=0). The number of pre-testing failures is presented in [Table 2](#t02){ref-type="table"}. Statistical analysis was performed using Statistics 8.0 for Windows (Analytical Software Inc, Tallahassee, FL, USA).

###### Bond strength means (MPa) ± standard deviations of all groups. The number of pretest failures *per* group is presented in parenthesis

  Composite Resin[\*](#TFN01t02){ref-type="table-fn"}                                                                          
  ----------------------------------------------------- ---------------------------------------------------------------------- --------------------------------
  **Adhesives**                                         Z100 (light-activated)                                                 B2B (chemically activated)
  OS                                                    Group 1 (n=7): 24.7±7.1^a^ [\*](#TFN01t02){ref-type="table-fn"} (10)   Group 2 (n=7): 32.2±7.6^a^ (8)
  PB NT                                                 Group 3 (n=7): 23.8±5.7^a^ (8)                                         Group 4 (n=7): 7.8±3.6^b^ (32)

Different superscript letters indicate statistically significant difference (p\<0.05).

RESULTS
=======

According to the two-way analysis of variance, only the independent factor "adhesive" (F~1,\ 24~=29,24, p=0.0001) and the "interaction factor" between the adhesive system and the composite (F~1,\ 24~= 25,29, p=0.0001) were statistically significant. Tukey's test (p\<0.05) ([Table 2](#t02){ref-type="table"}) showed that there was no statistically significant difference (p\>0.05) between the adhesives when they were combined to the light-activated composite. When in combination with the chemically activated resin, One Step adhesive system had higher bond strengths than Prime & Bond NT.

DISCUSSION
==========

The incompatibility between one bottle total-etch systems and chemically activated resins has been primarily attributed to the acidic monomers from the oxygen inhibited layer in the adhesives that deactivate the basic amines used as catalysts in chemically activated and light-activated composites[@B20],[@B22],[@B23]. Additionally, it has been found that simplified adhesive systems behave as permeable membranes that allow the passage of water coming from hydrated dentin after polymerization[@B05],[@B23]. Due to these two phenomena, the simplified adhesive systems present some disadvantages when compared to the multi-step etch-and-rinse and self-etch adhesives, such as poor bonding[@B03],[@B07],[@B21] and reduced bond longevity[@B24].

The hydrophilic monomer blends present in the adhesive composition are one of the causes of weak bonding. It has been shown that the water uptake responsible for the plasticization of the adhesive polymer networks happens on the first day of water storage and is proportional to the polarity of each material (presence of polar groups such as hydroxyl, carboxyl or phosphate)[@B14]. This factor may have accounted for the suboptimal bonding performance of Prime and Bond NT which contains high concentrations of phosphate from PENTA (Dipentaerythritol penta acrylate monophosphate) in the adhesive solution. Furthermore, according to Suh, et al.[@B21](2003), the organophosphates can be much more aggressive than the carboxylate methacrylate monomers when inhibiting the polymerization of chemically activated resins. Therefore, the dentin bond strengths of Prime&Bond NT combined to Bisfil 2B were reduced to a greater extent when compared to those of One Step adhered to the same resin.

Due to the high amount of hydrophilic monomers, total-and self-etch simplified adhesives also exhibit a great degree of permeability after polymerization. According to Tay, et al.[@B23] (2004): "Single-bottle adhesives, because of their lack of a comparatively more hydrophobic bonding resin layer, behave as permeable membranes after polymerization. They permit the continuous transudation of dentinal fluid (\...)". This means that the hydrophilic monomers within the oxygen inhibition layer develop an osmotic gradient and the water permeates the cured layer of these adhesives. Then, the water that migrates to the composite-adhesive interface is trapped in the form of water blisters in the adjacent hydrophobic resin layer[@B07]. This may interfere with coupling to light-[@B07], chemically- and dual-activated composites[@B23].

Although the light-activated resins undergo polymerization via generation of free radicals by tertiary amines, the rate and extent of polymerization of chemical or dual-activated resins tend to be more affected by the combination with simplified adhesives than the light-activated ones. One possible explanation is that their initiation process occurs more rapidly and the acid-base reaction is quickly interrupted[@B20],[@B21]. However, even adhesives like One Step that presented good compatibility with both chemically activated and light-activated resins in the present study were shown to be highly prone to absorbing water, which is thought to alter significantly its mechanical properties over time[@B05].

A recent study[@B03] revealed that the problems caused by the combination of one-bottle adhesives with chemically activated or dual-activated composite are basically pH-related. Because of that, and in spite of the reduced number of clinical steps, it is important that the professional be aware that the more acidic the adhesive, the lower the bond strengths to dentin. Recently, a practical way to minimize the effects of simplified adhesive systems has been proposed by Cadenaro, et al.[@B04] (2005), who employed longer curing times than those recommended by the manufacturers. Another different approach to improve bonding is the use of an additional layer of hydrophobic adhesive on the polymerized adhesive layer[@B12].

We are aware that the mode of failure analysis provides important information leading to predictions of clinical performance limits[@B09], and that the lack of proper failure analysis is a limitation of our study. However, it can be assumed that, in the present study, most fractures occurred within the adhesion zone.

Our hypothesis was partially rejected. Although both adhesives presented comparable bond strengths when combined to light-activated resins, Prime&Bond NT, the system presenting the lowest pH, sustained dramatic reduction in dentin bonding when combined with a chemically activated resin. The greatest number of pre-test failures of beams in group 4 confirmed the detrimental effect of the adhesive with low pH on resin bond to dentin.

CONCLUSION
==========

The adhesive with the lowest pH (Prime&Bond NT) decreased the bond of the chemically activated (Bisfill 2B) composite to dentin. On the other hand, under the present conditions, the tested adhesives did not seem to affect the bond of light-activated composites to dentin significantly. Therefore, further studies in aging conditions are recommended.
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